Background and Aim: Flour dust is one of the allergens dust in the workplaces, and its occupational exposure can cause respiratory impairments. The aim of this study was to investigate respiratory and pulmonary function problems in flour mills workers exposure to flour dust. Materials and Methods: This cross-sectional study was carried out at 11 flour-producing factories in Iran. Study subjects were including to 286 males (176 male workers with current exposure to flour dust and 110 male unexposed employees). Determination of dust concentration was carried out with personal dust sampler at all production wards of studied industries. Respiratory symptoms were investigated with American Thoracic Society questionnaire. Lung function tests were done by a calibrated spirometer. The statistical analysis was performed by SPSS 18 software and t-test, Chi-square, linear, and logistic regressions. Results: Age and job tenure means of exposed group were 35.2 ± 8.6 and 11.9 ± 6.03 years, respectively. This result, for unexposed group, too was gained 35.3 ± 8.5 and 10.89 ± 6.5 years, respectively. Atmospheric concentrations of respirable and inhalable dust were 12.4 ± 2.41 and 33.26 ± 3.47 mg/m 3 , respectively. These results indicated that prevalence of respiratory symptoms in exposed subjects was significantly higher than non-exposed workers. Likewise, pulmonary function parameters were significantly lower in exposed than the reference group. Conclusions: The findings of this study showed that occupational exposure to flour dust could be a significant factor of the prevalence of respiratory symptoms and functional disorders of the pulmonary.
INTRODUCTION
F lour dust is considered as one of the allergens in workplaces. [1] A large number of the workers in different occupations such as agriculture, flour industry, silo workers, bakery, and confectionery are exposed to flour dust, and the dust can result in respiratory asthma of the airways and other pulmonary damages. [2, 3] Studies conducted on bakery and confectionery workers showed that dust in these occupations can lead to respiratory problems, reduction of pulmonary parameters, and respiratory allergy. [4] [5] [6] [7] Findings of some studies demonstrated that being exposed to flour dust increases the allergy risk in people and induces allergy in the eye, nose, and airways of the pulmonary system. [1, 8, 9] In previous studies, it was observed that the amount of serum antigen in the group exposed to flour dust has a significant difference comparing to control group. [10] Breathing flour dust can induce allergy and chronic respiratory problems like asthma. [11, 12] The outbreak of respiratory symptoms and chronic obstruction of the airways are observed in the workers exposed to heavy flour dust [13] [14] [15] [16] and significant reduction of some pulmonary function parameters such as forced vital capacity (FVC), VC, forced expiratory volume in the first second (FEV 1 ), and peak expiratory flow rate (PEFR) is observed in the individuals exposed to dust. [17] [18] [19] [20] [21] The extent of dust effect on the respiratory system depends on the type and size of dust, density and the degree of airborne dust in the respiratory area of an individual. [22] Hence, the efficacy of different dust types is different in various environments.
Notwithstanding, the cause of great amount of wheat production (over 10 million tons in a year) and flour consumption in Iran, [18] many farmers, silo workers, workers of flour production industries, millers, bakeries and the like are exposed to this allergen. Regarding the small range of studies carried out on respiratory problems in the workers exposed to flour in Iran and also the limitations of the studies, [18] researchers decided to study a large sample size in six flour factories of Khorasan province to characterize workers exposure to the allergen and its effects on pulmonary function parameters and also determination levels of the pulmonary disorders prevalence. The main aim of the study was to investigate respiratory and pulmonary function problems in flour mills workers exposed to flour dust in Khorasan province, Iran.
MATERIALS AND METHODS

Subjects of the study
This cross-sectional study was conducted in six flour factories of Khorasan Razavi and Southern Khorasan provinces. The samples comprised 286 individuals (176 exposed and 110 non-exposed as reference group from official department employees of different industries who had no previous and present exposure to the flour dust). Individuals with a history of chronic pulmonary diseases (pre-existing medical conditions), asthma or pre-existing pulmonary infections like tuberculosis were excluded from the study. The present study was conducted based on Helsinki notice and its reform, [23] and all participants filled up and signed conscious agreement form.
Respiratory disorders symptom prevalence
Studying the respiratory symptoms was carried out using American Pulmonary Professionals Association' respiratory symptoms questionnaire. [24] Containing questions regarding to respiratory status of the individual (chronic cough, chest wheeze, short breath, mucus expulsion, and bronchitis,), eye and nose symptoms, taking tobacco, medical and family conditions of the individual, job, work background, and previous jobs (in particular jobs with a risk of respiratory diseases infection).
Measuring concentration of flour dust
To determine the extent of the worker's exposure to flour dust, respirable (<5 µ in diameter) and inhalable (≥5 µ) dust concentrations were examined in all the floors of the studied flour industries. To estimate the particles concentration in the given areas, calibrated personal sampling pump (made by SKC Co.) equipped with a 25 mm filter holder, a cyclone, and membrane filter (pore size 0.8 µ) was utilized at a flow rate of 2 L/min. Based on the pilot tests (pilot study), the optimized time to prevent excessive filter accumulation was determined to be 60 min. Respirable dust particle density determination was carried out through double weight filter technique and using Sartorius digital scale with sensitivity 0.1 mg. The content of cyclones was weighted to measure inhalable particles. [25] 
Pulmonary function tests (PFTs)
According to American Thoracic Association instruction, [26] [27] [28] [29] [30] [31] [32] PFT include FVC, VC, FEV 1 , and PEFR. They were measured on workplaces of the workers in different shifts and to a sufficient extent using portable calibrated spirometer (Mir factory, Italy). Mean expected percent was calculated for each functional parameter based on age, weight, height, sex, and race using spirometer device. The individuals were asked to take bath and avoid smoking at least 2 h before spirometry. Furthermore, for the individuals to get familiar with spirometry and respective maneuvers, required instructions were delivered. Their weights and heights were measured on-cloth. Before conducting the test, the individuals were settled at seating position for 5 min then, they were asked to stand as normal and relax in front of the spirometer, and put the specialized clip on their noses. Each individual was at least tested in triplet, and even for sextet; if there was a significant difference observed between FVC results. Then, the greatest volumes (in terms of expected pulmonary function percent) were selected for next analyses. [18, [33] [34] [35] [36] [37] [38] 
Data analysis and statistical tests
Data analysis was carried out using SPSS18 Software. Mean distribution normality was examined using "singlesample Kolmogorov-Smirnov" test. To evaluate between quantitative variables means in two groups: Exposed and not exposed, t-test and the comparison frequencies between the two given groups, Chi-square test or exact Fischer test were conducted. Besides the exposure status, the relationship between pulmonary parameters was examined using independent variables including age, time of exposure, and smoking cigarette using multiple linear regressions. Role of variables includes age, time of exposure, and smoking cigarette in the chances of developing respiratory symptoms was evaluated using logistic regression model as well as the estate of individuals' exposure.
RESULTS
In this study, 176 exposed and 110 non-exposed individuals were examined. Individual characteristics of the participants are presented in Table 1 . Mean age and work background or the exposure time (in exposure individuals) were, respectively, 35.2 ± 8.6 and 11.9 ± 6.03 years, and mean age and work background (in non-exposed individuals) were, respectively, 35.3± 8.5 and 10.89 ± 6.5 years. Results from t-student test showed that the two groups under study had no meaningful differences considering demographic variables.
Dust measurement and smoking status results are presented in Table 2 .
Cigarette-addiction-wise distribution of the individuals also showed that the two groups have no meaningful differences (P > 0.05).
The estate of individuals respiratory symptoms is given in Table 3 . As seen, the respiratory symptoms except sputum are statistically higher in the exposed group comparing to non-exposed individuals (P < 0.05).
PFTs results are presented in Table 4 . Mean results of FVC, VC, FEV 1 , and PEFR percent's, FEV 1 to PEFR ratio showed that the whole parameters were lower in the exposed individuals comparing to the non-exposed individuals and the difference was statistically meaningful (P < 0.05). The relationship between function parameters and exposure with independent variables (age, the time of exposure, and cigarette smoking status) was examined using linear multivariate regression model [ Table 5 ]. Results showed that only "flour exposure" has meaningful linear relationship with all parameters and reduced them.
Furthermore, the relationship between pulmonary respiratory diseases symptoms and age, time of exposure, and cigarette smoking status was all examined using logistic regression model [ Table 6 ]. Results demonstrated that -except the state of exposure and age -other independent variables have no meaningful relationship with the symptoms.
DISCUSSION
Based on the data provided, the two groups under study (exposed and non-exposed) were similar considering demographic features such as mean age, work background, weight, and height [ Table 1 ]. None of the individuals under study had the symptoms of respiratory diseases and chest lesions early in their employment. Examining mean inhalable flour dust concentration (38.773 ± 3.68 mg/m 3 ), it was determined that the extent of workers dust exposure with the allergen is tens of times further than its authorized threshold that recommended by the American Conference of Governmental Industrial Hygienists (TLV=0.5mg/m 3 ), [27, 39, 40] and it is also higher than the occupational exposure limits suggested by Technical Committee of Health Professionals of Iran. [28] As a corollary, based on the observations and results, it is expected that respiratory exposure to flour dust leads to respiratory diseases symptoms (cough, mucus, hoarse breath, chest wheeze, and asthma) outbreak and also the workers' PFC decrease. [18, 41, 42] In a study by Fahim and El-Prince, allergic respiratory symptoms were more common in Bakers than in the control group, and they had a significantly higher odds ratio for allergic symptoms and shortness of breath. FVC, FEV 1 /FVC, and forced expiratory flow (FEF) percentage parameters were lower in Bakers than in the control group. It was found that occupational exposure to dust not only caused respiratory irritation and allergy but also reduced the values obtained for lung function tests including FVC, FEV 1 , FEV 1 /FVC, and FEF25-75%. [29, 43, 44] Moghaddasi et al. comparing subjects exposed to dust for <5 years and the control group, no significant difference in terms of FEV 1 and FVC parameters was observed between the two groups. However, comparing with the control group, the mean percentage of FEV 1 and FVC was lower in those with a history of over 5 years of exposure. The results showed that flour dust pollutants had adverse effects (negative) on the main pulmonary parameters (such as FEV 1 and FVC) . [30, 45, 46] Melo et al. conducted a study to assess lung function and used the results of spirometry tests to investigate pulmonary function abnormalities in flour factory workers. According to the results, there was a significant reduction in the main pulmonary parameters of the subjects compared to the controls. The results showed that the flour factory workers were exposed to the risk of (recurrent) lung dysfunction. [31] The type of pulmonary lesion resulted from flour dust respiration is among chronic obstructive pulmonary diseases. [32, 33] In a study by Deshpande et al., flour factory workers were affected by the obstructive pulmonary disorder and showed a reduction in their original capacities. [34, 47] The distinctive feature of this pulmonary lesion spirogram was tangible FVC reduction, yet expiratory flow amount expressed by FEV 1 was natural or reduces with the same ratio of FVC, and as a result, FEV 1 /FVC ratio remains close to the natural value [35, [48] [49] [50] which the features correlate with findings of the study, as well. Respiratory diseases symptoms outbreak correlates with the results of Neghab et al., [18] and also other studies. [36, 37, 51] Pulmonary function capacity reduction is also similar to previous studies. [17] [18] [19] [20] [21] 38] Since the exposed group was determined, pulmonary capacities were examined using multivariate regression model to control the variables under study. As observed in Table 5 , the quartet had no meaningful effects on the capacities, so it can be concluded that exposure to flour has led to the pulmonary capacity reduction. It relatively correlates with the results of Neghab et al.'s study. [18, 52] To control the quartet effect understudy on the extent of respiratory diseases outbreak, two-state logistic regression model was administered. Results showed that flour exposure has induced the demonstration of pulmonary diseases symptoms in the study. It also relatively correlates with the results of Neghab et al.'s study. [18] According to the results Deshpande et al., [39] there was a negative relationship between time of exposure and lung function parameters including 
CONCLUSION
This study shows that excessive dust exposure (higher than the recommended authorized level) results in a meaningful increase of respiratory symptoms and a meaningful decrease of pulmonary function. Hence, to reduce or eliminate the outbreak of the symptoms and also pulmonary function parameter fall in the workplaces under study, technical, and engineering actions (such as suitable ventilation systems), and managerial (exposure time decrease) must be taken. 
